. 4 ' - incidence of myopic shift in all refractive error ranges, with a higher rate and incidence of myopic increase in the higher refractive errors, whether hyperopic or myopic; indicating 17 to 21 year old individuals are not as safe from a myopic change as previously thought. Many cadets underwent a rather large change towards myopia, and many were no longer qualified for UPT at graduation. The high incidence and rate of myopia progression at the USAF Academy is a problem that deserves continued attention. Additional studies using automated equipment are needed, and a program aimed at reducing the myopic shifts to increase the number of cadets eligible for UPT should be considered. error.
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Block 11. REFRACTIVE ERlER CHANGE AT THE UNITE) STATES AIR FOI~ZE ACADB~1 -CLASS OF 1985 (U
An overall myopic shift in refractive error in the population is known to occur throughout the education years. 1, 2 Of particular concern to the military is the change towards myopia that occurs during the college years.
Refractive error changes for the 17 to 21 year old age group have been reported; 3 , however, these studies were conducted years ago on a general population and and may not apply to today's college individuals. A more recent study 5 assessed refractive error changes in graduate students;
however, it involved an older age group. Refractive error change at the USAF Academy has never been reported, and previous studies at military academies have primarily addressed changes in visual acuity 6 -8 and lack specific refractive error data.
The USAFA is an ideal place to assess changes in refractive error for a large number of individuals of approximately the same age, and for whom *' the environment is relatively equal. For instance, all cadets attend about the same number of classes, do a similar amount of studies under identical * conditions, are required to participate in leisure and sports activities, and to a large extent eat the same food. The difficulty of the program is evidenced by the high rate of withdrawal, with only two-thirds of the * entering class graduating (about 1,000 of the initial 1,500 cadets).
Determining the change in refractive error at the USAFA would give some insight into expected changes for college students participating in intense educational programs, and would give the USAFA vital information on myopia progression within the Academy cadet population. This information would allow prospective cadets to be informed of the anticipated refractive error change that may occur and affect their pilot eligibility.
6
It was clear that a current and concise study on refractive error at the Academy was needed. Statistical Analysis:
The two eyes of the same individual would be expected to undergo a similar refractive error change, and must be considered during statistical analysis. 9 To reduce the effect of this positive correlation, all statistical calculations were made using a reduced n value of one half the number of eyes. This conservative statistical approach was continued further by making all t-tests two-tailed (i.e., two-sided), since eyes can change towards hyperopia or myopia. A value of p < 0.05 was considered statistically significant, with p values to 0.001 also reported.
S
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RESULTS
Refractive Error Distribution: "4
The number (M) of eyes in selected ranges of each type of spherical equivalent (SPEQ) refractive error at the Academy entrance exam is given in were more hyperopic, and 36.1% were clinically myopic (> -0.50 D).
The SPEQ refractive error distribution at the third academic year exam -. " (i.e., 2.5 years after the entrance exam) is also given in Table 1 and 11--
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Mean Refractive Error:
The mean SPEQ refractive error at the entrance and third year exams is given in Table 2 Mean Refractive Error Change:
The mean change in SPEQ refractive error over the 2.5 year period between the entrance and third year exams is given in Table 4 and shown in The annual rate of mean change in SPEQ refractive error for the age range covered in this study (17-21 years old) is also given in Table 4 and was -0.07 D, -0.08 D, -0.23 D, and -0.14 D per year for the hyperopic, emmetropic, myopic, and total eyes, respectively.
17
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TABLE 4. MEAN CHANGE AND ANNUAL RATE OF CHANGE IN SPHERICAL EQUIVALENT (SPEQ) REFRACTIVE ERROR OVER 2.5 YR PERIOD BETWEEN ENTRANCE AND THIRD YEAR EXAMS ----------------------------------------------------------------------------
Entrance
-----------------------------------------------------------------------------
(All changes significant at p < 0.001, paired t-tests, dF = n/2 -1.)
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The amount of myopia progression was derived from those eyes showing any amount of myopic shift in SPEQ refractive error. The percentage of eyes in selected ranges of entering SPEQ refractive error that showed a myopic shift greater than or equal to selected amounts at the third academic year exam is given in Table 5 For those eyes showing any amount of myopic shift, the cumulative frequency of eyes with shift greater than or equal to selected amounts for each type of refractive error is given in Table 6 . Figure 6 is the usual graphical display for this type of frequency, which is constructed based on the cumulative frequency of eyes with shifts "less than" the amounts shown.
A clinically significant myopic shift of -0.50 D or greater occurred in 37.8% of the hyperopic, 46.5% of the emmetropic, 68.0% of the myopic, and " 55.3% of the total eyes that showed a myopic shift. Indeed, a fair "" percentage of myopic (27.5%) and emmetropic (20.2%) eyes had a large myopic -shift of -1.00 D or more; further indicating that, for this sample, refractive error can frequently become much more myopic even at 17-21 years of age. ----------------------------------------------------- -.
For the eyes showing any amount of myopic shift, the mean myopic shift in SPEQ refractive error over the 2.5 year period between the entrance and third year exams is given in Table 7 and shown in Figure 7 The annual rate of myopic shift in SPEQ refractive error is also given in Table 7 The ranges of entering SPEQ refractive error (diopters) are > +1.00, +0.50 to +0.87, +0.25 to +0.37, +0.12 to -0.12, 0.25 to -0.37, -0.50 to -0.87, -1.00 to -2.87, and > -3.00.
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DISCUSSION
The mean change in refractive error was substantially (about 50%) '.
higher than previously reported for the 17 to 21 year old age group. From '"4 Brown, a -0.10 D/year increase in myopia was calculated for this age group, while the present study found the overall rate to be -0.14 D/year; however, the initial refractive errors may have differed for these two studies.
In a recent study at the Naval Academy, Shotwell showed a higher rate of myopic increase than for the emmetropic and low hyperopic eyes. These results appear to be contrary to the generally accepted view that by this age level the higher myopes would already have completed most of their change.
By using Table 5 , one can obtain a relatively good estimate of the probability that a certain amount of refractive error change may occur over The percentage of eyes within each selected SPEQ ranges showing a myopic shift was much greater for the higher hyperopes and myopes; suggesting some prediliction for higher refractive errors to undergo a larger myopic shift.
When eyes do undergo a myopic shift, it is informative to have some idea of how often a shift of a certain amount or more will occur. Figure 6 is a typical "less than" type of frequency distribution of the amount of myopia increase for only those eyes showing a myopic shift, and can be used to calculate this occurrence for all three types of refractive error.
For example, a myopic shift of less than -0.50 D (i.e., -0.37 D or less)
was found for about 30% of the myopic shifts in entering myopic eyes; giving a clinically significant shift of -0.50 D or greater for approximately 70% of the myopic shifts that occurred in myopes. These occurrences can also be obtain directly from Table 6 , and indicate that when a myopic shift occurs, it will necessitate the issue of glasses or a change in prescription a fair percentage of the time over a 2.5 year period during college.
The mean change does not, however, give the complete description of the refractive error changes that would most affect pilot qualification at the USAF Academy. For this, the amount of myopia progression, as derived from those eyes showing any amount of myopic shift, must be evaluated. In addition, the more general assumption that eyes showing a hyperopic shift * were overminused initially may also have some merit. The rate of myopia ".
progression was found to be approximately twice that of the mean rate for the lower and hyperopic refractive errors and slightly higher for the higher refractive errors.
The difference between the mean and myopic progression rates may be due to a larger variability in the validity of the initial lower and hyperopic refractive errors, whereas the initial higher myopic refractive errors may have been much closer to the actual amount. 
,N -4<
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I .". . What is needed is a study to measure the refractive error of initial cadets upon arriving at the Academy and again during the usual third year physical exam. This study could be performed using automated equipment and would have minimal effect on the cadet's time; for instance, readings could be taken during the sports period. The data would be taken by research personnel supplied for the short data gathering periods needed. Optometry personnel stationed at the Academy are too busy to lend support, and it would be more appropriate if they remained separated from the study.
The high incidence and rate of myopia progression at the USAF Academy over the past few years recently prompted changes in cadet selection to reduce the number of entering myopes. It is expected this Will increase the overall percentage of cadets eligible for pilot training; however, this needs verification by a follow-up study as described above. Each year highly qualified cadets will still be unable to become pilots due to their refractive error, and unfortunately a recent study by Shotwell at the US Naval Academy reported that the use of near reading glasses and bifocals did not retard the increase in myopia. Myopia progression at the USAF .-Academy is a problem that deserves continued attention.
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